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A novel computational approach was examined for predicting epitopes 
from primary structures of the seven immunologically distinct botulinum 
neurotoxins (BoNT/A-G) and tetanus toxin (TeTX) . An artificial neural 
network [Rost and Sander (1994), Proteins 20, 216] was used to estimate 
residue solvent accessibilities in multiple aligned sequences. A similar 
network trained to predict secondary structures was also used to examine 
this protein family, whose tertiary fold is presently unknown. The 
algorithm was validated by showing that it was 80% accurate in determining 
the secondary structure of avian egg-white lysozyme and that it correctly 
identified highly solvent-exposed residues that correspond to the major 
contact regions of lysozyme-antibody cocrystals. When sequences of the 
heavy (H) chains of TeTX and BoNT/A-G were analyzed, this algorithm 



sequentially none on server! N- anjd L C-termini [Lebeda and Olson (1994), 



Proteins 20, 293] . The secondary structures and the remaining highly 
solvent-accessible regions were, in contrast, predicted to be conserved. In 
experiments reported by others, H-chain fragmentsO that induced 
immunological protection against BoNT/A overlap with these predicted most 
highly exposed regions. It is also known that the C-terminal halves of the 
TeTX and BoNT/A H-chains interfere with holotoxin binding to ectoacceptors 
on nerve endings. Thus, the present results provide a theoretical framework 
for predicting the sites that could assist in the development of 
genetically engineered vaccines and that could interact with neurally 
located toxin ectoacceptors. Finally, because the most highly 
solvent-exposed regions were not well conserved, it is hypothesized that 
nonconserved, potential contact sites partially account for the existence 
of different dominant binding regions for type-specific neutralizing 
antibodies . 
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to 3.9-fold compared to the control. The results suggest that there are two 
"productive" receptor binding sites on H(C) which lead to toxin 
internalization and toxicity. Blockade of these two epitopes with 
monoclonal antibodies may provide effective immunoprophylaxis or therapy 
against BoNT/A intoxication. 
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A novel computational approach was examined for predicting epitopes 
from primary structures of the seven immunologically distinct botulinum 
neurotoxins (BoNT/A-G) and tetanus toxin (TeTX) . An artificial neural 
network [Rost and Sander (1994), Proteins 20, 216] was used to estimate 
residue solvent accessibilities in multiple aligned sequences. A similar 
network trained to predict secondary structures was also used to examine 
this protein family, whose tertiary fold is presently unknown. The 
algorithm was validated by showing that it was 80% accurate in determining 
the secondary structure of avian egg-white lysozyme and that it correctly 
identified highly solvent-exposed residues that correspond to the major 
contact regions of lysozyme-antibody cocrystals. When sequences of the 
heavy (H) chains of TeTX and BoNT/A-G were analyzed, this algorithm 
predicted that the most highly exposed regions were clustered at the 
sequentially nonconserved N- and C-termini [Lebeda and Olson (1994), 
Proteins 20, 293] . The secondary structures and the remaining highly 
solvent-accessible regions were, in contrast, predicted to be conserved. In 
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Botulism, which was first reported over a century ago, is caused by 
botulinum neurotoxins produced by Clostridium botulinum in seven 
immunological serotypes (A through G) . The primary structures of a number 
of these BoNTs have been determined and are reviewed here, together with 
their gene structure and synthesis. The biological actions of BoNTs, which 



result in their ability to block neurotransmitter release have been the 
subject of intensive study, and in this review we discuss the binding of 
BoNTs to the cell surface as well as the mechanism of their intercellular 
action. The ability of BoNTs to block neurotransmitter release has been 
exploited in therapeutic applications to reduce muscle hyperactivity for 
the treatment of a variety of clinical conditions associated with 
involuntary muscle spasm and contractions. The advantages, limitations, and 
risks of these applications are discussed. Certain compounds provide some 
limited protection against BoNT. However, more effective protection has 
been obtained immunologically either by passive immunity (i.e., by 
administration of anti-BoNT Abs) or by immunization with inactivated toxin. 
More recently, excellent protection has been obtained by immunization with 
the receptor-binding region comprising the C-terminal (residues 860 to 
1296) fragment (He) of the heavy chain of BoNT/A. Here we review the 
mapping of the epitopes on the He region of BoNT/A that are recognized by 
anti-BoNT/A Abs raised in horse, human, and mouse. The epitopes on the He 
that are recognized by anti-Hc Abs and by Hc-primed T lymphocytes were 
mapped in two mouse strains [BALB/c (H-2d) and SJL (H-2s) ] . The peptides , 
which contain Ab or T cell epitopes (or both) on the He, were used as 
immunogens in BALB/c and SJL mice and we identified those peptides whose 
Ab and/or T-cell response cross-react with He. Identification of these 
peptides is an important first step in the intricate requirements for the 
design of a synthetic vaccine. (27 Refs.) 
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Identification and characterization of a neutralizing monoclonal antibody 
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Clostridium botulinum may produce any of seven known serotypes of 
neurotoxin (BoNT/A-/G) , which are the most toxic bacterial proteins known. 
Efforts to develop a second-generation vaccine to these toxins would 
benefit from the isolation of hybridomas producing neutralizing monoclonal 
antibodies (MAbs) . We hypothesized that previous efforts to isolate 
neutralizing MAbs against various BoNTs failed due to use of toxoided, 
chemically altered antigens. We employed a novel vaccination regimen 



employing native, active, single-chain BoNT/E (scBoNT/E) . A number of the 
BoNT/E immunized mice were further vaccinated with lethal doses of fully 
active BoNT/F. MAb 7F8 consistently neutralized BoNT/F in three different 
assays: in vivo neutralization, passive neutralization, and neutralization 
of regional paralysis. There was no detectable recognition and essentially 
no neutralization of scBoNT/E. The epitope recognized by this MAb was 
denatured when treated with formalin, urea, guanidine chloride, or sodium 
dodecyl sulfate. Preliminary epitope mapping studies indicate that the 
MAb bound to a conformational epitope. 
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To produce antibodies capable of neutralizing botulinum neurotoxin type A 
(BoNT/A) , the murine humoral immune response to BoNT/A binding domain 
(H(C)) was characterized at the molecular level by using phage antibody 
libraries. Mice were immunized with BoNT/A H(C), the spleens were 
harvested, and single-chain Fv (scFv) phage antibody libraries were 
constructed from the immunoglobulin heavy and light chain variable region 
genes. Phage expressing BoNT/A binding scFv were isolated by selection on 
immobilized BoNT/A and BoNT/A H(C). Twenty-eight unique BoNT/A H(C) binding 
scFv were identified by enzyme-linked immunosorbent assay and DNA 
sequencing. Epitope mapping using surface plasmon resonance in a BIAcore 
revealed that the 28 scFv bound to only 4 nonoverlapping epitopes with 
equilibrium constants (Kd) ranging from 7.3 x 10(-8) to 1.1 x 10(-9) M. In 
a mouse hemidiaphragm assay, scFv binding epitopes 1 and 2 significantly 
prolonged the time to neuroparalysis, 1.5- and 2.7-fold, respectively, 
compared to toxin control. scFv binding to epitopes 3 and 4 showed no 
protection against neuroparalysis. A combination of scFv binding epitopes 
1 and 2 had an additive effect on time to neuroparalysis, which increased 



experiments reported by others, H-chain fragmentsO that induced 
immunological protection against BoNT/A overlap with these predicted most 
highly exposed regions. It is also known that the C-terminal halves of the 
TeTX and BoNT/A H-chains interfere with holotoxin binding to ectoacceptors 
on nerve endings. Thus, the present results provide a theoretical framework 
for predicting the sites that could assist in the development of 
genetically engineered vaccines and that could interact with neurally 
located toxin ectoacceptors. Finally, because the most highly 
solvent-exposed regions were not well conserved, it is hypothesized that 
nonconserved, potential contact sites partially account for the existence 
of different dominant binding regions for type-specific neutralizing 
antibodies. 
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We have mapped the regions recognized by T and/or B cells (Abs) on the 
C-terminal domain (He) of the heavy chain of botulinum neurotoxin 
serotype A (BoNT/A) after immunization of two inbred mouse strains with 
pentavalent toxoid (BoNTs A, B, C, D and E) . Using a set of synthetic 

overlapping peptides , encompassing the entire He domain (residues 

855-1296) , we demonstrated that T cells of Balb/c (H-2d) mice, primed with 
one injection of toxoid, recognized two major regions within residues 
897-915 and 939-957. After multiple inoculations with toxoid, T cells of 
Balb/c expanded their recognition ability and responded very well to 
challenge with peptide 1261-1279 and moderately to stimulation with 

peptide 1149-1167. Unlike Balb/c T cells, those of toxoid-primed SJL 
(H-2s) mice exhibited a more complex profile and responded to challenge 
with a large number of overlapping peptides . After one toxoid 
injection, however, three peptides , 897-915, 939-957/953-971 overlapO 
and 1051-1069, were the most potent T cells stimulators. After three toxoid 
injections, peptides 897-915 and 1051-1069 remained immunodominant while 
the third region was shifted upstream to 925-943/939-957 overlap . The 
immunodominant epitope within peptide 8 97-915 was recognized 



exclusively by T cells, since no Abs were detected against this region. The 
Ab binding profiles of the two mouse strains were quite similar, showing 
only small quantitative differences. Both, Balb/c and SJL anti-toxoid Abs 
displayed strong binding mainly to peptide 1177-1195, followed by 

peptides 869-887/883-901 overlap and 1275-1296. In addition, a 
significant amount of Balb/c anti-toxoid Abs was bound to peptide 

1135-1153. Unlike Balb/c Abs, that interacted weakly with peptides 
995-1013 and 1051-1069, the anti-toxoid Abs of SJL mice exhibited strong 
binding toward both peptides . The results showed that, in a given strain, 
the regions recognized by anti-toxoid Abs and T cells may coincide or may 
be uniquely B or T cell determinants. 
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The domain organization of the botulinum neurotoxin serotype A was 
studied by using antibody mapping of 44 monoclonal single-chain variable 
fragments . The analysis was carried out on (i) the individual domains of 
botulinum neurotoxin holotoxin (binding, translocation , and catalytic) , 
(ii) botulinum neurotoxin holotoxin, (iii) the botulinum neurotoxin 
holotoxin in complex with the nontoxic portion, and (iv) botulinum 
neurotoxin holotoxin and nontoxic portion of the complex recombined in 
vitro. All 4 4 antibodies mapped to individual domains of botulinum 
neurotoxin. Forty of the 44 single-chain variable fragments bound the 
botulinum neurotoxin holotoxin relative to the isolated domains, suggesting 
that 4 epitopes are covered when the individual domains are in the 
holotoxin form. Only 20 of the antibodies showed a positive reaction to the 
toxin while in complex with the nontoxic portion. All of the covered 
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The purpose of this study was to identify the location of domains within 
the serotype A neurotoxin of Clostridium botulinum (BoNT/A) that conferred 
protection against botulism. The BoNT/A gene was subcloned into a series of 
10 overlapping fragments that were expressed in Escherichia coli. The 
expressed proteins were partially purified and used to immunize mice. The 
resulting antisera were screened by immunoblotting analysis for the 
presence of BoNT/A-specif ic antibody. All fragments , except one, elicited 
antibody that recognized BoNT/A in an immunoblot. Serological screening 
identified several fragment -specific cross-reactive epitopes that were 
shared by heterologous serotypes of BoNT . Most of these epitopes 
immunoreactive by enzyme-linked immunosorbent assay, but not by immunoblot. 
Only two fragments were shown to confer protection against BoNT/A 
intoxication . Both of these proteins were derived from segments of the 
heavy chain and encoded amino acid residues H455-661 and H1150-1289 of 
BoNT /A. 
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Although tetanus and botulinum A neurotoxins are ineffective in cultured 
chromaffin cells, they will inhibit carbachol-induced release of 
noradrenaline provided they gain access to the cytosol either through 
artificial pores generated in the plasma membrane or by binding to 
incorporated exogenous gangliosides . The block of exocytosis persists for 
weeks followed by a slow recovery of cell function. When specific 
anti-botulinum A toxin antibodies are introduced into cells through pores 
after manifestation of the block by botulinum A neurotoxin, restoration of 
exocytotic function is accelerated and fully reestablished within 4 days. 
The same time course of restoration is seen with anti-tetanus toxin 
antibodies in cells poisoned by tetanus toxin. Since the light chains of 
the toxins are enzymatically active, we have introduced polyclonal and 
monoclonal anti-light chain antibodies into the cytosol. Of all light chain 
antibodies tested, only those directed against the peptide homologous to 
the zinc-binding sequence, which is present in both neurotoxins, restored 
exocytosis regardless of which toxin caused the block. These results 
indicate that the zinc-binding domain is directly involved in the 
interaction of the light chains with their substrates and that the toxins 
have to be present continuously to maintain the block. 
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Recombinant E. coli clones expressing a 50-kDa poly-histidine tail tagged 
antibody fragment against botulinum toxin (bt-Fab) were initially 
screened for yield and binding affinity. One clone was selected for 
bioprocess development. The selected bt-Fab vector was induced by addition 
of IPTG and the protein was targeted to the periplasm by inclusion of a 
pelB leader sequence. A histidineinf 6 affinity ligand at the heavy chain 
C-terminus facilitated single-step purification by immobilized 
metal-affinity chromatography (IMAC) . Notably, the effects of 
post-induction temperature on bt-Fab expression and downstream purification 
were evaluated. Our results demonstrated that fermentation conditions 
interfered with purification on the IMAC column at 37degreeC. Protease 
analysis by gelatin polyacrylamide gel electrophoresis (GPAGE) indicated 
the presence of a membrane-bound ~ 39 kDa protease activity shortly after 
induction. The appearance of the protease activity was inversely correlated 
with the bt-Fab yield. The protease was purified and was shown to degrade 
bt-Fab. A simple kinetic model was developed describing temporal regulation 
of protease and bt-Fab degradation. Partially degraded bt-Fab was 
unrecoverable by IMAC, presumably due to the loss of the Hisinf 6 affinity 
ligand. The amount of purified bt-Fab obtained per liter of fermentation 
broth was typically - 1 mg. 
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Specific antibodies against the Znsup 2sup +-binding domain of 
clostridial neurotoxins restore exocytosis in chromaffin cells treated with 
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Although tetanus and botulinum A neurotoxins are ineffective in cultured 
chromaffin cells, they will inhibit carbachol-induced release of 



noradrenaline provided they gain access to the cytosol either through 
artificial pores generated in the plasma membrane or by binding to 
incorporated exogenous gangliosides . The block of exocytosis persists for 
weeks followed by a slow recovery of cell function. When specific anti- 
botulinum A toxin antibodies are introduced into cells through pores 
after manifestation of the block by botulinum A neurotoxin, restoration of 
exocytotic function is accelerated and fully reestablished within 4 days. 
The same time course of restoration is seen with anti-tetanus toxin 
antibodies in cells poisoned by tetanus toxin. Since the light chains of 
the toxins are enzymatically active, we have introduced polyclonal and 
monoclonal anti- light chain antibodies into the cytosol. Of all light 
chain antibodies tested, only those directed against the peptide 
homologous to the zinc- binding sequence, which is present in both 
neurotoxins, restored exocytosis regardless of which toxin caused the 
block. These results indicate that the zinc-binding domain is directly 
involved in the interaction of the light chains with their substrates and 
that the toxins have to be present continuously to maintain the block. 
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The purpose of this study was to identify the location of domains within 
the serotype A neurotoxin of Clostridium botulinum (BoNT/A) that conferred 
protection against botulism. The BoNT/A gene was subcloned into a series of 
10 overlapping fragments that were expressed in Escherichia coli. The 
expressed proteins were partially purified and used to immunize mice. The 
resulting antisera were screened by immunoblotting analysis for the 
presence of BoNT/A-specif ic antibody. All fragments , except one, elicited 
antibody that recognized BoNT/A in an immunoblot. Serological screening 
identified several fragment -specific cross-reactive epitopes that were 
shared by heterologous serotypes of BoNT. Most of these epitopes 
immunoreactive by enzyme-linked immunosorbent assay, but not by immunoblot. 
Only two fragments were shown to confer protection against BoNT/A 
intoxication. Both of these proteins were derived from segments of the 
heavy chain and encoded amino acid residues H455-661 and H1150-1289 of 
BoNT/A. 
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Epitope regions in the heavy chain of Clostridium botulinum type E 
neurotoxin recognized by monoclonal antibodies. 

Kubota T; Watanabe T; Yokosawa N; Tsuzuki K; Indoh T; Moriishi K; Sanda K 
; Maki Y; Inoue K; Fujii N 

Department of Microbiology, Sapporo Medical University, Japan. 
Applied and environmental microbiology (UNITED STATES) Apr 1997, 63 
(4) pl214-8, ISSN 0099-2240--Print Journal Code: 7605801 
Publishing Model Print 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: MEDLINE; Completed 
Subfile: INDEX MEDICUS; Toxbib 

Seventeen monoclonal antibodies (MAbs) were previously established 
against the heavy chain (He) of botulinum type E neurotoxin in BALB/c 
mice immunized with the type E toxoid. Five MAbs (LE15-5, LE34-6, EK19-7, 
EK21-4, and AE27-9) showed toxin-neutralizing activity in mice. Two of the 
five MAbs, EK19-7 and EK21-4, recognized the regions located at amino acid 
positions 731 to 787 and 811 to 897, respectively. One of the remaining 
three antibodies (LE34-6) reacted with the amino acid sequence VIKAIN, at 
amino acid positions 663 to 668, closed by the ion channel -forming 
domain. It is suggested that the ion channel -forming domain may also be 
associated with the blocking of acetylcholine release. Furthermore, the 
amino acid sequence YLTHMRD within 30 residues of the C-terminal region of 
the He component seemed to be recognized by LE15-5. It has been reported 
that the binding domain of the type E toxin is located on the C-terminal 
half of the He component. Therefore, the neutralizing activity of LE15-5 
antibody may be attributed to its ability to block the binding of 
neurotoxin to the receptor of target cells. 
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Clostridium botulinum neurotoxin type A (BTx-A) is known to inhibit the 
release of acetylcholine at the neuromuscular junctions and synapses and to 
cause neuroparalysis and death. In this study, we have identified two 
monoclonal antibodies, BT57-1 and BT150-3, which protect ICR mice against 
lethal doses of BTx-A challenge. The neutralizing activities for BT57-1 and 
BT150-3 were 10(3) and 10(4) times the 50% lethal dose, respectively. Using 
immunoblotting analysis, BT57-1 was recognized as a light chain and BT150-3 
was recognized as a heavy chain of BTx-A. Also, applying the phage 
display method, we investigated the antibodies 1 neutralizing B-cell 
epitopes . These immunopositive phage clones displayed consensus motifs, 
Asp-Pr.o^-Leu™f-0-r— B.^57-1 and Cys-X-Asp-Cys for BT150. The synthetic peptide 
P4M \J KGTFD PLQE^RTJ> corresponded to the phage-displayed peptide selected 
by BTST^T and t_ was able to bind the antibodies specifically. This peptide 
was also shown by competitive inhibition assay to be able to inhibit phage 
clone binding to BT57-1. Aspartic acid (D(5)) in P4M was crucial to the 
binding of P4M to BT57-1, since its binding activity dramatically decreased 
when it was changed to lysine (K(5)). Finally, immunizing mice with the 
selected phage clones elicited a specific humoral response against BTx-A. 
These results suggest that phage-displayed random- peptide libraries are 
useful in identifying the neutralizing epitopes of monoclonal antibodies. 
In the future, the identification of the neutralizing epitopes of BTx-A 
may provide important information for the identification of the BTx-A 
receptor and the design of a BTx-A vaccine. 
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epitopes were mapped to the binding domain of botulinum neurotoxin, which 
suggested that the binding domain is in direct contact with the nontoxic 
portion in the complex. Based on the antibody mapping to the different 
domains of the botulinum neurotoxin holotoxin and the entire complex, a 
model of the botulinum neurotoxin complex is proposed. 
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Seventeen monoclonal antibodies (MAbs) were previously established 
against the heavy chain (He) of botulinum type E neurotoxin in BALB/c 
mice immunized with the type E toxoid. Five MAbs (LE15-5, LE34-6, EK19-7, 
EK21-4, and AE27-9) showed toxin-neutralizing activity in mice. Two of the 
five MAbs, EK19-7 and EK21-4, recognized the regions located at amino acid 
positions 731 to 787 and 811 to 897, respectively. One of the^r-ema^ining 
three antibodies (LE34-6) reacted with the amino acid sequence (yiKAIN, at 
amino acid positions 663 to 668, closed by the ion channels-forming 
domain. It is suggested. that the ion channel -forming domain may also be 
associated with the^b'IocksLng of acetylcholine release. Furthermore, the 
amino acid sequence^YLTHMRDjwithin 30 residues of the C-terminal region of 
the He component seemed 'to be recognized by LE15-5. It has been reported 
that the binding domain of the type E toxin is located on the C-terminal 
half of the He component. Therefore, the neutralizing activity of LE15-5 
antibody may be attributed to its ability to block the binding of 
neurotoxin to the receptor of target cells. 
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